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@ Hardenable resin composition. 



Hard enable resin compositions useful in forming hard permeable masses In remote locations or 
zones, comprise a hardenable polyepoxlde resin, one or more substantially water immiscible diluents 
present In said resin composition to lower the viscosity thereof, and a hardening agent comprised of the 
adduct formed by reacting an aliphatic amine with the condensation reaction product of epichlorohyd- 
rln and btephenol A. 
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Thb mention r^ates to a h^enable ^in <^£- ^ hanJ ma39 es have been 

R«rtn compositions ^"^^^^In compositions and methods for placing particulate ma- 
developed and used heretofore. In the oil Industry, resin cwnpos subterranean formations 

t-nal. coated therewith are used. ^^JZlTS^l^o^ therefrom. The hard per- 
cental loose or ^^^^^^ Hevent the migration of loose or 

llon9 - , , _ . - ^ K _ lltlh7fld auccesafullv for forming a consolidated, permeable, par- 

• 1 °: a ^ n S^ ^^ST^SS^^ -Sing the formation sand adjacent 
ticulata mass between a well oore ana a F»» * An alternative technique has been 

particulate mass is formed. ~ n «niMiitible resin composition coated particulate ma- 

Method, of continuous ^.-J5J*S p^Tmaterial by way of the gelled 
terlal hi a gelled aqueous carrier ^J^^^^^SZ in U.S. Patent No 4.829.1 00 Issued 
aqueous carrier liquid to a zone In ^ ^^^ streams of a gelled aqueous earner 
May 9. 1989. In accordance *^"*2llSS5K ISeequently harden and a surface active 

pended In the gelled aqueous carrierliquld PatentNo 4 82 9.100 have been used successfully, the 

While the methods ^Bine have been found to be car- 

5 cinogenlc and thererore nazarooun iu H , . KnM | tftra and the im^ Aliphatic am nes have been util- 
ponents In gelled aqua** , f luids sue £ oxWatrve gel J^^*^ resins. However, because 
ized and are well known to those "^J^^J^^^ tend to separate from the resin compo- 

as y a reeu, £ often do not sa^actori, 

* CaU8 r 6 >, the ^™ STn^S Wed herden.bC resin composition which Is less hazardous to personnel. 
^J^J^S^S^ utilized in subterranean formation treating fluid, and which cauw. 
which iacompatiWewitnoinwcwpo presence of water. 

^ WelsT £££7 SSSS ESS* complltbn ^ Advantages of prior art 
35 compositions are r^"^ ^"^ ba8ically prised of a hardenable polyepoxide resin, one 

"^Z^S compos rt ion In amount, .uff Icient to lower 

or more sutabwtiaHy water JJ. hardening agent comprised of the adduct formed by reacting an 
the vtocoalty thereof to ; £*to7pLuct of eplchlorohydrin and bisphend A. The hardening 

• 2*£^w^^"^ utl,bed ,n 9Ubterranean format,on 

The above-described main composown «• £ ^j^,^ materia | is coated with the resin compo- 
tioulate materia, and a surface ^^^^^^^ n can * used to deposit the resin coated 
.Won and suspended in ^^^^^^^^^ng formation and a well bora where- 
« palate ™t^ there* The permeable particulate mass function, 

permeable mass. o«h *n«n*ndin<i consolidatfole resin coated particulate material in a gelk 

b to be c^licatedare alwprovWed^ hard permeable masse, in remote 

As ^^^^^t^ heT^ Abo. method, of continuously forming and suspending 
^^ZZ££££ ^tedWic^aterial in a glled aqueous carrier liquid and transporting 

*?The carder l.qu* to a zone to whfch the particuiato materia, b con- 



EP 0 528 595 A1 

soli dated have been known and used heretofore. U.S. Patent No. 4,829,100 to which reference should be made 
for further details, discloses such resin compositions and methods. However, the hardening agents most com- 
monly utlfced in the resin compositions used for carrying out the methods described in Patent No. 4,829,100, 
i.e., hardening agents including methylene dianiine, present several problems. The most severe problem is 
5 that methylene dianiline has been found to be a carcinogenic material and therefore it constitutes a hazard to 
personnel. 

Another problem with the use of hardening agents comprised of methylene dianiline is that methylene dia- 
niline Is incompatible with other components utilized in subterranean formation completion and stimulating 
fluids. For example, gelled fracturing fluids often include delayed gel breakers of the oxidative type such as 

10 sodium persulfate. Methylene dianiline adversely reacts with such oxidative compounds to diminish or extin- 
guish their ability to function as gel breakers. 

Aliphatic and cydoaliphatic amines are well known In the art as hardening agents for epoxy resins. Such 
amines are readily available and produce excellent hardening results. However, aliphatic and cydoaliphatic 
amines are either soluble in water or form emulsions in water whereby they do not function well in the presence 

16 of water. That is, the solubility or emulsifying tendencies of amines in water tends to cause amines when used 
as hardening agents to be separated from the resin thereby diminishing the resin hardening process caused 
thereby. 

The hardening agents of the improved resin compositions and methods of the present invention are com- 
prised of certain adducts of aliphatic or cydoaliphatic amines. The adducts do not prevent the amines from 
20 producing rapidly hardened epoxy resins of excellent strengths, but they do obviate the problems associated 
with water solubility or emulslf Ication described above. 

An improved hardenaWe resin composition of the present Invention is comprised of a hardenaWe polyep- 
oxlde resin, one or more substantially water Immiscible diluents present in the resin composition in amounts 
sufficient to lower the viscosity of the composition to a desired level and a hardening agent comprised of an 
25 adduct formed by reacting an aliphatic or cydoaliphatic amine with the condensation reaction product of epi- 
chlorohydrin and bisphenol A. The term "aliphatic amine" is used hereinafter to mean cydoaliphatic amines 
as well as straight or branched chain amines. 

While a variety of aliphatic amines can be utilized, preferred amines are those selected from the group 
consisting of ethylene diamine, Methylene tetramine, tetraethylene pentamine, bis-(p-aminocydohexyl) me- 
30 thane, the diamines and triamines of cydopentane and the diamines and triamines of cydohexane, e.g., 1,2- 
diamino cydohexane and 1 ,4-diamino cydohexane. Of these, Methylene tetramine, 1 ,2-diamino cydohexane 
and 1 ,4-diamino cydohexane are more preferred with 1,4-diamino cydohexane being the most preferred. 

The adducts of the aliphatic amines are prepared by pre-reacting a selected amine with the reaction prod- 
uct of epichlorohydrin and bisphenol A The condensation reaction product of epichlorohydrin and bisphenol 
35 A can be represented as follows: 

CH, 

f | | 

2 CHjOCHCHjCl + HO-^-C-^-OH -> 

epichlorohydrin | 

CH, 

bisphenol A 
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CH^-^H - CH 2 - 0- ^^"|-^^° " CH 2 - CH^- CH 2 + 2 CI 

CH, 

When the condensation reaction product of epichlorohydrin and bisphenol A is reacted with an aliphatic 
amine, the adduct of the amine is formed. When the amine is, for example, 1,4-diamino cydohexane, the ad- 
duct formation reaction can be represented as follows: 
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* Ci(f.\ - CH 2 - O^I^O - CH, - CH "V - 

1 , 4-diamLno cyclohexan« ^ 



OH C?5 



OH 



H^OHH - CH, - A - CH, - 0-^.cJ-^.O - CH, - <Jh - CH, - ««0"H, 

CH, 

Poiw^xide resins which can be utlized in the above-described hardenable resin composition include con- 
blsphend F is as follows: 



T h „ nrrfarrad resins are the condensation resin products of epichlorohydrin and bisphenol A. A commercially 
ISiaoTau^Cuo^ marketed by the Shell Chemical Company of Houston. Texas, under the tradename 
E^B^po^reTn exhibits good temperature stability and chemical resistance, and has a viscosity 

• ■ i.nt to adiust the viscosity of the composition to a desired level, generally a level in the 

"^a^HMcenlSIel te ao^t 800 centipolies. Preferably, two polar organic dluenta are used 
52 S £l resin and sub.tantla.ly immtacibi. with watar. One cf such diluenta is 
™^v^h» with theepoxy resin component with the other dBuent being non.react.ve. 

Sddlt^erTltbTnedS Jutyldiglycidyl ether) and reaorelnol (reeoiclnol diglycldyl ether) and other 

withWepoxTresin utHlzed. Of these, butyl glycidyl ether and cresol glycidyl 
Str^th?mo2 ^preferred. The reactive dHuent or dHuento are generally present in the resin ^composition 
ether are the mw L^ZZ*™ -bout 2 to about 35 parts by weight per 1 00 parts by weight of the polyepoxy 

of compounds having the structural formula: 

o OO 

8 « « 

R) - C - OR or R, - C - OR,0 - C - R, 

wherein R is CH^, In which n is an integer in the range of from 1 to about 5; R, is C^, wherein 
m is an integer In the range of from 1 to about 4. or R, is 
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wherein y la an Integer In the range of from 1 to about 4 and X is independently H or OH; and R 2 Is C.H^ 
wherein a is an integer in the range of from 2 to about 5. 

Of the compounds falling within the above-described group, ethyl acetate, butyl lactate, ethyl lactate, amyl 
acetate, ethylene glycol diacetate and propylene glycol diacetate are preferred. Of these, butyl lactate is the 
0 most preferred. 

The substantially water immiscible non-reactive diluent is generally present in the resin composition in the 
range of from about 4 to about 20 parts by weight per 100 parts by weight of the poiyepoxide resin present 
Preferably, the non-reactive diluent is present in an amount in the range of from about 8 to about 1 5, and most 
preferably, about 10 parts by weight per 100 parts by weight of the poiyepoxide resin present 

w Examples of other diluents which can be utilized are methyl alcohol and other low molecular weight alka- 
nds, tetrahydrofurfuryl methacrylate and ethyl acetate. 

The above-described hardening agent i.e., the adduct formed by reacting an aliphatic amine with the con- 
densation reaction product of epichlorohydrin and bisphenol A, is generally present in the resin composition 
in an amount in the range of from about 20 to about 1 50 parts by weight per 100 parts by weight of poiyepoxide 

15 resin. Preferably, the hardening agent is present in an amount in the range of from about 40 to about 90, and 
most preferably, about 68 parts by weight per 100 parts of poiyepoxide resin. 

The hardenable resin composition can also Include retarders or accelerators as hardening rate controllers 
to lengthen or shorten the working and cure times of t he resin composition. Low molecular weight organic acid 
ester retarders such as alkyl esters of alkyl acids containing about 2 to 3 carbon atoms can be utilized. Suitable 

20 accelerators Include 2,4,6-trisdimethyiaminomethylphenol, the ethyl hexonate salt thereof and weak organic 
acids such as fu marie, erythorblc, ascorbic, salicylic and maleic acids. When a retarder or accelerator Is util- 
ized, it is generally combined with the resin composition In amounts up to about 10 parts by weight per 100 
parts by weight of poiyepoxide resin. 

While the above-described hardenable resin composition can be utilized in a variety of applications, it is 

25 particularly suitable for use In oil and gas well completion and stimulation procedures. In such applications, 
the resin is generally utilized to consolidate particulate material, either particulate material admixed with the 
resin composition and introduced into a subterranean zone by way of a well bore or loose or incompetent par- 
ticulate material contained within one or more subterranean formations penetrated by the well bore. In such 
applications, the resin composition preferably also includes a resin to particulate material coupling agent to 

30 promote bonding of the resin to the particulate material. A preferred such coupling agent is N-bete-(aminoe- 
thy1)-gamma-aminopropyftrimethoxys9ane. The coupling agent generally can be included in the resin compo- 
sition In an amount from about 0.1 to about 2 parts by weight per 100 parts by weight of poiyepoxide resin. 

A composition of the present invention useful in forming a hard permeable mass in a remote location, e.g., 
a subterranean formation penetrated by a well bore, is comprised of an aqueous liquid, at least one hydratable 

35 polysaccharide gelling agent the above-described resin composition, particulate material such as sand and 
one or more surface active agents for promoting the coating of the particulate material with the resin compo- 
sition. 

The aqueous liquid can be fresh water, brine or sea water. A variety of hydratable polysaccharide gelling 
agents can be utilized having molecular weights in the range of from about 100,000 to 4,000,000, preferably 
40 from about 600,000 to 2,400,000. Preferably, the polysaccharide polymer gelling agents are cellulose or guar 
derivatives. The polymers Include substltuents such as hydroxyethyl to give the necessary water hydration 
and gel characteristics to produce a clear aqueous gel having a viscosity of at least about 30 centipolses (read- 
ing on a Fann V.Q. meter at 300 rpm). Preferred such polymers include substituted carboxy and hydroxy alkyl 
cellulose, such as hydraxyethylcellulose and carboxymethylhydroxyethylcellulose, and substituted hydrox- 
ys yaikyiguar, such as hydraxypropyiguar. The most preferred polysaccharide polymer gelling agent is hydroxy- 
propylguar having a molecular weight in the range of from about 100,000 to about 4,000,000, and having a 
propylene oxide substitution (MS) of about 0.1 to about 0.7 motes of propylene oxide per mole of mannose 
and galactose in the guar. 

The surface active agent for promoting the coating of the particulate material can be one or more cation ic 
so surface active agents or one or more non-cation ic surface active agents, or one or more of both. As used herein, 
a noncationlc surface active agent includes a blend of anionic and non-ionic surface active agents. 

Useful cationic surface active agents include the reaction product of an alcohol, epichlorohydrin and trie- 
t hylenediamine wherein monohydric aliphatic alcohols having in the range of from about 12 to about 1 8 carbon 
atoms are reacted with from 2 to 3 moles of epichlorohydrin per mole of alcohol followed by reaction with an 
55 excess of triet hylenediamine. The alcohol-epichlorohydrin reaction product contains an ethoxylation chain hav- 
ing pendent chlorides. The subsequent reaction with triethylenediamine provides a cationic and a tertiary 
amine functionality to the resulting product 

The non-cationic surfactants are preferably ethoxylated fatty acids produced by reacting fatty acids corv 
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feimna ten, about 12 to about 22 carbon atoms with from about 5 to about 20 moles of ethylene oxide per 
ZS!EZ Hi P^raT^ about 12 to about 18 mo.ee of etttfen. ox.de per mole of add. to produce 

»hJ^ SmZmd agent described above and the non-cationic agent described above 
prbed of ^rop^alcohoj «e«ion^ , t , n the blend te •„, tne range of from about 0.4 

^SlS! 2£t 0 Crt» by we 9ht agent per 1 part by weight non-cationic agent and where- 
in l^C^ZX^ to non-eationto agent in the b.e„d to about 1 part by we*ht alcohol per 

1 ^nThS o 1 .^^ us^Lin to a galactomannan gum, a preferred surface active agent is a blend 
!SS J • £2 ?o HriZd the^ationic agent described above and the non-cationic agent de- 
l^fbo^w^intne Shfmt^f cattonlc age* to non-catlonlc agent in the blend Is in the range 
^J2S "ataut 02 parts by wight catlonlc agsnt per 1 part by weight norwaMonte agent and 

to noncatlonfc agent in a Wend is about 1 part by weight alcohol per 1 part 

by ^^om^"^ above-described composition is comprised of resin composition coated partic- 
J^SS In a gdtaTaqueou. liquid.™, gelled aqueous liquid preferably contain, the poty- 
^i^ ^Tteed in an amount in the range of from about 20 to about 120 Ibe of polymer per 1000 
^^Sl^^ll^^^^ aqueou. liquid has a viscosity In the range of from about 

In S «£utflO lbs of aeillno agent per 1000 gallons of water, brlns or sea water, and has a viscosity of from 
iZSi M mSSL Mb we., 'understood by thee. skHled In the art. the gelled aqueous llquto 

S.'SSSS 5= SEES £ or zone where the res, coated P^ateria. 

Z ?££££E* to«^« to revert to actively thin liquid at the time the resin coated particulate 
£ l«SZZ!l ?ocattonof the zone. While a variety of gel breakers which are well known in the art can 
bTS^a^diLTtJS 2 such a. sodlumpersutfate is preferred. Suet .oxidative ge. breakers 

^SS£ indudld in S composition in an amount in the range of from about 0.5 pound, to about 50 

^nds D^ IOOO aallons of gelled aqueou. carrier liquid, but the particular amount depend, upon the specrf to 
pound, per low gaiion. w u«. h rt ^ bf0ken> | ncrea8e8 In 



STSE^ above, tne resin composite can also In- 

S^SSSX a^to^a. required to lengthen or shorten the worWng and cur. times of the resin com- 

* ^ A^oedflc preferred resin composition for use In the above-described composition containing an aqueous 
^ ^ll^^\cdi^^. one or more surface active agents and ths resin composition to 
q 1, ifT!« ^^^^rand blsDhsnol Aepoxy resin present in the resin composition In an amount 
TSSH b " we'lfl^th^C^b^^ wato^mtocto.e reactrve diluent combed of butyl 

M Jj^Ser to o3nt in the composition in an amount of about 6.5% by weight, and a substantially water 
£2t£££!m dnuent combed of butyl lactate to present In the composition in an amount of about 

£ £wl^^^^ comp" 8 * 1 <* the ■* ta * formed * react,ng 1,4 - d,amlno cydohexan , e wrt . h 

Z X2^^p£** of epicMorohydrin and btophend A I. included in the resin composition to 
mZSZ ^uU5% byweiflht An N^«*o*hyl)-fj-^^ 
<s !l!£mt^ in an amountof about 1.0% by waightand an accelerator c«npr«ed of the 

a?MheS s2t JdSan^nomethylpheno. to present in the resin composition in an amount of about 
SmwT tftta i compoJL. This resin composition has a viscosity of about 200 cent.po.ses a working 
mTSi S jXZl cure time of about 8 hm at 80'F. When the accelerator to not present in the com- 
~~Hi*n » h» a workina time of about 7 his. and a cure time of about 84 nrs. 
« ^ieXTS the^eVhod. of the present invention, a gelled aqueou. liquid composition contaimng 
" J?Z££Zl VSSSLmJSI ™- and transported tea -oteic^^.^age ed 
^u-^sHoutoto oreoared In a storage container by combining a polysaccharide polymer gellmg agent of the 
Zo^cnto SS, brine or sea water. The hardenable resin composition described above 

SoteS^as^corStoerbym^ 
« JiJXtIb Jr^and "he hardening agent Continuous streams of the gelled aqueous liquid, ths hard- 
enabto ZlE££Z material, one or more liquid surface acthre agents and liquid gel breaker 

ane ^rTc^riLa mixing apparatus wherein they are mixed and a fl^ed^^ca^ liquid 
natin?resln composition coated particulate material, suspended therein to formed. The composrtlon to con- 
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tlnuously pumped from the mixing apparatus to the remote location where the resin coated particulate materia) 
is to be deposited and consolidated into a hard permeable mass, e.g., a subterranean zone penetrated by a 
well bore. As is well understood by those sklled in the ait, the zone may first be conditioned by preflushlng 
with a suitable conditioning liquid and/or after flushes may be used to insure uniform placement, consolidation 
and maximum permeablity of the deposited resin coated particulate material. 

In order to further ilustrate the compositions and methods of the present invention, the following example 
is given. 
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Example 

Tests were performed to illustrate the differences resulting from the use of the compositions of the present 
invention including 1 ,4-dlamlno cydohaxane-blsphend A adduct hardener and compositions including methy- 
lene dianiline hardener and unmodified amine hardener. The aqueous gel in all tests was comprised of 0.5% 
by weight of a commercial guar gelling agent and 2% by weight KCI in tap water. In addition 0.3% by weight 
of a blend of surfactants to promote coating of the mixed epoxy resin onto the sand was included in the gel. 
This blend was approximately 1 8% by weight cocobetaine, 25% by weight isopropanol, 29% by weight water, 
10% by weight of a mixed ethoxylated (7 moles E.O>) phenol resin, and 18% by weight isoamyt alcohol. The 
resin compositions which were tested are as follows: 
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Resin #1 — Resin Composition Including Methylene Dianiline 

Hardener 

Bisphenol A epoxy resin 
butyl glycidal ether 
Silane A-1120™ (Union Carbide Co.) 
TONOX-22™ (UN I ROYAL Chemical Co.) 

(eutectic mixture of methylene 

dianiline, i.e., 78% by weight, 

and higher mole weight 

homologues) 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6, tri- 
(methyl-N-dimethylamine) 



100 


parts 


by 


weight 


12 


parts 


by 


weight 


2 


parts 


by 


weight 


35 


parts 


by 


weight 


25 


parts 


by 


weight 


6 


parts 


by 


weight 


6 


parts 


by 


weight 
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40 Resin #2 — Resin Composition of the Present Invention 

Bisphenol A epoxy resin 
butyl glycidal ether 
Silane A-1120™ 

l-4,diaminocyclohexane adduct of 

bisphenol A epoxy 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6 tri- 
(methyl-N-dimethylamine) 



45 



100 


parts 


by 


weight 


12 


parts 


by 


weight 


2 


parts 


by 


weight 


64 


parts 


by 


weight 


49 


parts 


by 


weight 


6 


parts 


by 


weight 


6 


parts 


by 


weight 



55 



The ethyl hexanoic salt of 2,4,6 tri (met hyi- N-dimet hylamine is available from Air Products Co. as a com- 
mercial product (Anchamine K-61B™). 

The bisphenol A resin Is available from Shell Chemical Co, as EPON 828™. The mixture of bisphenol A 
epoxy resin and butyl glycidal ether is available from Shell Chemical Co. as EPON 815™. 
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n BesitjoD InslMding l-4-nlawlnocyplQnexain 



100 


parts 


by 


12 


parts 


by 


2 


parts 


by 


15 


parts 


by 


2 


parts 


by 



Bisphenol A epoxy resin 

butyl glycidal ether 

Si lane A-1120 
l-4,dianinocyclohexane 

ethyl hexamoic salt of 2,4,6 tri- 
(methyl-M-diinethylaniine) 



Procedure 

. ^ „ narmt , , Mina 250 cc of aqueous gel containing surfactant. 250 g of 20/40 mesh Ottawa 

J?^oTJZ^to™*^^« *™ and a breaker, 0.024 fl of sodium persuifat. 
sand. 7.6 cc of °^ a ™^!°™^ 0-1 cc of triethanol amine was used. Also, in some tests, a cross- 
22££U2 utetCc^er was 0,2 of cc of a 30% by we*ht solutfcn of sodium 

hydroxide and ^arteacid. , ntoona or mow tubesfor consolidation ofthesand. 

The slurries were stirred to^^*™™*"^" and 9topper * 0 „ e end. The sand in each slurry 
The tubes were glass tubes coated with a mold release uagen ism ratopper 

within each tube was temped down darn^ u^ ln the 120 o F 

bath at 120-F **20 ^^^^^^ZX^- ^ curing, the sand consolW 
water bath ,and ^^^^J^^^ U ^ the tubes and tested for compressive strength 

Table Of T««+ ffafiultS 









Sodium 




Compressive 
Strength 

(P»D 




30 




Gel 
nrossllnXed 


Persulfate 
Breaker in 
Slurrv 


Triethanol 
Mine 

in slurrv_ 


Gel Break 
(Hrs.) 




Resin 






no 


1500 


no break 




#1 


no 


yes 












yes 




1600 


no break 




#1 


no 


yes 




35 




yes 




100 


no break 




#1 


yes 


yes 












no 


900 


20 




#2 


no 


yes 








#2 


no 


yes 


yes 


800 


3-4 


40 


#2 


yes 


yea 


no 


170 


16 




#2 


yes 


yes 


yes 


600 


3-4 










no 


none 


no break 




#3 


no 


yes 
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#3 


yes 


yes 


yes 


no coating 
none 
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Claims 



ter Immiscible oiiuems pressm m am in*u/ith the condensation reaction prod- 



as agent comprised of t ho *~ — 

uct of eplcWorohydrin and bisphenol A. 



2. Acompositlon according to Calm 1. wherein the amine is ethylene diamine. Methylene tebamhe. tetra- 
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ethylene pentamlne, bla(p-aminocyclohexyi) methane, a diamine or triamlne of cydopentane, or a diamine 
or trtamine of cyclohexane. 

3. A composition according to claim 2, wherein said amine is Methylene tetramine, 1 ,2-diamino cyclohexane 
or 1,4-diamino cyclohexane. 

4 A composition according to claim 1 ,2 or 3 wherein the pdyepoxlde resin comprises the condensation re- 
action product of epichlorohydrln and bisphenol A. 

5. A composition according to claim 4, wherein said one or more substantially water immiscible diluents in- 
clude a reactive dluent selected from butyl glycidyl ether, creed glycidyt ether, ally! gtyddyl ether, phenyl 
gtycidyl ether, butyl diglycldyl ether, resorcinol dlglycidyl ether and mixtures of two or more thereof. 

6. A composition according to any of claims 1 to 5, wherein said one or more substantially water immiscible 
diluents include a non-reactive diluent selected from compounds having the structural formula: 



R<|- C - OR 



R1 -C - OR2O - C - Ri 



wherein R is CnH^i in which n is an integer of from 1 to 5; R 1 is CJi^ wherein m is an integer 
of from 1 to 4, orRi is 




wherein y is an integer of from 1 to 4 and X is H or OH; and R 2 is C.H2, wherein a is an integer of 
from 2 to 5. 

7. A composition according to any of claims 1 to 6, which also include an aqueous liquid in which said hard- 
enable realn composition is dispersed. 

8. A composition according to claim 7, wherein said aqueous liquid includes a polysaccharide polymer gelling 
agent therein. 

9. A composition according to claim 7 or 8, which Is mixed with particulate material suspended in said aqu- 
eous liquid, which particulate material is coated with said resin composition. 

10. A composition according to any of claims 1 to 9, which further includes one or more surface active agents 
for promoting the coating of particulate material with said resin composition, said one or more surface 
active agents including a non-cation ic surface active agent comprising at least one member selected from 
ethoxytated fatty acids produced by reacting fatty acids containing from 12 to 22 carbon atoms with from 
5 to 20 moles of ethyteneoxide per mole of fatty add, and mixtures of said ethoxyiatsd fatty acids with 
unreacted fatty adds. 



r 

o 

EP 0 528 595 A1 




10 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

* 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
[^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK wspto) 



